Economical miniaturized assembly and connection technology for LEDs and other 
optoelectronic modules. 

In the production of individual LEDs and lighting modules (compact light sources) wire bonding 
and soldering, or moimting chips with conductive glue, are predominantly used as technologies 
for electrical contact between a chip and a substrate. In this way, insertable components as well 
as LED arrays for lighting modules are produced. The customary assembly process is as follows: 

- die bonding: placing of the chip(s) in a filled conductive glue (gluing) and hardening of the 
glue or 

- moimting of the chip with the aid of a solder imder temperature and possibly pressure 
(soldering/alloying), 

- wire bond: electrical connection of the chip by wire contact, 

- encapsulation of the chip with transparent material (epoxy, silicone, acrylate, polyurethane, 
and other polymers) by casting or injection technology, 

- producing individual parts by sawing, water-jet cutting, or laser separation. 

In the development of miniaturization smaller and smaller component heights are being 
demanded on the market. Along with this, the manufactured items must be economical and offer 
sufficient reliability. In the case of chip arrays even very high reliability is required. Moreover, 
the connection technology should offer great flexibility in order 
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to be able to react quickly, flexibly, and economically to design changes. 

Proceeding from this, the objective of the invention is to specify modules with a substrate and 
optoelectronic components, as well as processes for their production, which satisfy these 
requirements. 

This objective is realized by the inventions specified in the independent claims. Advantageous 
developments follow from the subordinate claims. 

Accordingly, a substrate has an optoelectronic component which is contacted in a planar manner. 
The contacting is therefore no longer accomplished by thick wires, in given cases run at a 
distance from the substrate and component, but rather by a planar, flat, even conducting structure 
approximately in the form of a copper layer. 

From contacting in a planar manner, an especially small height of the module consisting of the 
substrate and optoelectronic component follows. 

The optoelectronic component can, for example, be contacted by other optoelectronic 
components on the substrate. In particular, it is contacted in a planar manner by conducting 
elements, e. g. printed conductors, of the substrate. 

In order to run the planar contact at as small a distance from the substrate and/or optoelectronic 
component as possible, the substrate and/or the optoelectronic component are provided, at least 
partially, with an insulating layer on which the planar conducting structure is disposed for planar 
contacting of the optoelectronic component. 
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The insulating layer can be formed by a foil, enamel, and/or a polymer layer. The layer can be 
laminated, vapor deposited, printed, and/or sprayed. Structuring of the insulating layer can be 
done, for example, by means of laser structuring, (plasma) etching structuring, inkjet structuring, 
and/or photostructuring. As a polymer, parylene in particular can be used. 

In the optoelectronic component an interaction of light with the environment should be possible. 
This can be reaUzed particularly advantageously in two ways. 

In one, the insulating layer as a whole, or in particular an area of the light entry and/or exit 
opening of the optoelectronic component, can be (highly) transparent. 

In the other, a window can be opened in the insulating layer in the area of the light entry and/or 
exit opening of the optoelectronic component. The window can, e. g. if the insulating layer is 
formed by a foil, akeady be present in the layer before its application. Altematively however, it 
can also be opened after the application of the layer by corresponding structuring of the layer by 
means of the aforementioned procedures. 

Such a window is preferably provided in the insulating layer also in the area of one or more 
electrical contact points of the optoelectronic component. The planar conducting structure can be 
led through the window to the contact point of the optoelectronic component. 

If this is planned, the insulating layer and/or the planar conducting structure can also cover, at 
least partially, a light entry and/or exit opening of the optoelectronic component. 
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For this, the planar conducting structure is embodied to be reflecting so that, for example, light is 
reflected back into the optoelectronic component and can leave at another light exit opening. 
Thus, the planar contact can cause light guidance in addition. 

The optoelectronic component is, for example, an LED, in particular an OLED, and/or a 
photovoltaic component. As substrate a printed circuit board, a ceramic element, a Flex, in 
particular laminated on both sides with cooper, a punched or etched lead frame, or a layer 
structure can be used, as, for example, in the production of chip cards or flexible circuits. 

Preferably, the height of the manufactured item with a substrate and an optoelectronic 
component is less than 0.4 mm. 

In a process for producing a manufactured item comprising a substrate with an optoelectronic 
component the optoelectronic component is contacted in a planar manner. Advantageous 
developments of the process follow analogously to the advantageous developments of the 
manufactured item and vice versa. 

Further advantages and features of the invention can be inferred from the description of 
embodiment examples with the aid of the drawings. Therein 

Figure 1 shows a section through a manufactured item comprising a substrate with an 

optoelectronic component contacted in a planar manner. 

Figure 2 shows a section through an altemative manufactured item comprising a 

substrate with an optoelectronic component contacted in a planar maimer, 
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Figure 3 shows a comparison between an optoelectronic component contacted in a 

planar manner and in a traditional manner in plan view, and 

Figure 4 shows a comparison between the optoelectronic component contacted in a 

planar manner and in a traditional manner in relation to the loss of light. 

First, several characteristics of assembly and connection technology will be presented. 

One or more optoelectronic components, e. g. in the form of chips, are fixed on a substrate by 
gluing or soldering. The electrical connection of contact points in the form of contact pads on the 
upper side of the optoelectronic components is then achieved through a planar contacting 
process. This can be based, for example, on the lamination of an electrically insulating foil and 
contacting by planar conducting structures in the form of metal structures on this foil. Instead of 
being in the form of an insulated foil, an insulated layer can also be produced by other processes, 
such as enameling, vapor deposition, or printing. 

For the insulating layer in the form of insulating foil: 

- Application, for example, through isostatic lamination in an autoclave, through the use of a 
hot roll laminator, or in a vacuum hot press. 

- The foil can be transparent in the wave length range of the light emitted fi-om or absorbed by 
the optoelectronic component. Then, no partial removal of the foil is necessary. The foil can 
then also take over the protective function of the clear mold compound. 
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- If the foil is not sufficiently transparent, it can be structured so that the light exit on the chip 
flanks and/or on the upper side of the chip is maximized according to LED type. This can be 
done, for example, flexibly and independent of the topography by means of laser ablation. 

- By suitable laminating processes the insulating foil can be made to reproduce the chip 
surface. With this, it can be achieved that there is full insulating function to increase 
reliability even at the edges and in the comer areas. 

For contacting by planar conducting stmctures in the form of metal structures there are various 
possibilities: 

- Electrical connection by a suitable metallization process, e. g. application of a thin starting 
layer by means of sputtering or vapor deposition, followed by selective reinforcement with 
currentless or galvanic deposition, e. g. by copper. 

- The insulating foil is coated in an electrically conductive manner, e. g. by lamination of a 
metal foil. This metal foil is then structured before or after the lamination process. The 
connection between chip and metal structure can be done with raised, in particular rough, 
bumps on the chip pads by mechanical pressing or also by partial galvanic or currentless 
deposition. Here finishing of the aluminum chip pad on the wafer plane is advantageous. 

- The connection can also be made by the use of preformed pressing tools in commercially 
available presses. 
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- The conductive metal structures can be applied by a printing process. 

In figure 1 one sees a manufactured item 1 comprising a substrate 2 in the form of an etched 
copper lead frame. Therein the copper of the lead frame is encircled with a nickel-gold plating in 
order to improve its soldering properties. On the substrate 2 an optoelectronic component 3 is 
disposed in the form of a chip and electrically and mechanically connected to the substrate 2 by 
the conductive glue or solder 4. 

An insulating layer 5 in the form of a foil is led over the substrate 2 and the optoelectronic 
component 3. The insulating layer 5 is opened by a window in the area of the light exit opening 
of the optoelectronic component 3. To contact the optoelectronic component 3 a planar 
conducting structure 6 in the form of a metallization is led over the insulating layer 5 to contact 
points of the optoelectronic component 3 and to a printed conductor 7 of the substrate 2. 

The substrate 2 with the optoelectronic component 3, the insulating layer 5, and the planar 
conducting structure 6 are molded into a protective mass 8 in the form of a clear mold 
compound. The manufactured item 1 is approximately 150 /xm high. 

The manufactured item 1 represented in figure 2 corresponds to that in figure 1 with the 
exception of the fact that the insulating layer 5 is embodied so as to be transparent and thus runs 
through in the area of the light exit opening of the optoelectronic component 3. Therefore, no 
window is open there but rather only at the contact points of the optoelectronic component 3 
where it is electrically connected to the planar conducting structure 6. The transparent insulating 
layer 5 can, in particular in the area of the light exit opening of the optoelectronic 
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component 3, contain pigments in order to color the exiting light. 

In figure 3 one sees at the left an optoelectronic component 3 contacted in a planar manner with a 
large central light exit and an edge contact which completely encircles this light exit and 
comprises a planar conducting structure 6 and an insulating layer concealed thereunder. 
Alternatively, the edge contact can, depending on the layout of the contact points of the 
optoelectronic component 3 and intended light guidance, also not be completely encircling but 
rather only run at one or more individual points to a side of the optoelectronic component 3, 
specifically the face side opposite the substrate 2. 

In figure 3 one sees at the right an optoelectronic component 3 which is contacted according to 
the state of the art by 120-/im wire bonding with a wire 9. As can be seen, a large part of the light 
exit opening of the optoelectronic component 3 is covered. 

The advantages of the planar contact in light guidance become particularly clear in figure 4. 
There one once again sees at the left and on the substrate 2 the optoelectronic component 3 
contacted in a planar manner by the insulating layer 5 and the planar conducting structure 6. All 
the light exit openings of the optoelectronic component 3 where a light exit is not desired are 
covered by the insulating foil 5 and the planar conducting structure 6. If they are embodied so as 
to be reflecting, then the hght is even reflected back into the optoelectronic component 3 until it 
exits at the light exit opening provided. 

In contradistinction to this, in the case of contacting according to the state of the art and 
represented at the right in figure 4 a large part of the desired light exit area is covered by the 
connected wire 9. Rather than there, the light exits in an undesired manner 
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parallel to the substrate 2 from the sides of the optoelectronic component 3. 

In the case of the optoelectronic component 3 contacted in a planar manner on the contrary, the 
light exits as desired at a face of the optoelectronic component 3, specifically the front face 
opposite the substrate 2, and along with this approximately perpendicular to the substrate 2. 

The described assembly and connection technology comprises the following steps: 

- Small-surface contacting and a variable layout make possible the largest possible light yields. 

- Homogenous current distribution by selected contact conductor dimensions with a high light 
yield as a consequence. 

- Ultra-thin, miniaturized structure. 

- Planar contacting makes possible thin mold mass covering. 

- Planar contacting makes possible an effective dissipation of heat by a cooHng element 
moxmted in a flat manner. 

- Economical assembly and connection technology by highly parallel processing (processing in 
use). Manufacture in the reel-to-reel process is also possible. 

- No shadowing by central wire bond pads in the center of the chip. 

- High reUability by adapted material properties, e. g. CTE (coefficient of thermal expansion), 
Tg (glass transition temperature), and so on. 
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- With suitable choice of the optical properties of the insulating foil it can assume the 
protective function of the clear mold compound so that the clear mold compound is no longer 
necessary. 

- The luminescent materials for the blue-to- white light conversion can be introduced as 
pigments into the foil. In this way good control of the color coordination is possible by a 
precisely specified foil thickness and pigment concentration in the foil. 
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